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I, INTRODUCTION

The two decades, 1955-1975, are unparalleled in the degree of activity

in science education, Millions of dollars were devoted to the cooperative
M
involvement of scientists, educators, and learning theorists in the ¢
g
development of sciedce curriculum materials. Extensive programs were ¢

conducted to upgrade and update the science content background of teachers

and to train them in the use of the new curricula (Krieghbaum and Rawson,
1969). This marked the first major investpent of federal monies directly
in curricular and instructional concerns.

The Elementary and Secondary Education Act (ESEA) of 1965 continued
the pattern of direct investment, initiating prog%ams to deal with special~
groups within the educational community. Concern for the educational
needs of students, especially the disadvantaged and deprived, and for
progr7m‘gffectivene§s evaluation was specifically mandated within this
Act S.Lavi: 1971). .

/AThe focus of this project was a status reporf on the impact“of such
activity in curriculum development, teacher education, instruction, and
needs assessment. Specifically, the purpose of this prdject was to:

° l. review, analyze, and summarize the appropriafe
literature related to pre~college science )
instruction, to scfence teacher education,
and to needs assessment efforts; and

2. 1identify trends and patterns in the preparation
of scilence teachers, teaching practices, curriculum

A
materials, and needs assessments in scienge education

during the period, 1955-1975. L




Procedures

The procedures followed in this project involved retrieval and
analysis of egistin; literature, rather than the development of new
documents.

A major source of documents resulted from a comprehensive search
of fhe ERIC data base. This data base included 140,00 citations from
professional and technical journals related to education and published

on a ﬁonthly basis in Current Index to Journals in Education (CIJE).

The companion publication, Resources in Education (RIE), announces non-

journal publications such as research reports, state guidelines, program
descriptions, etc. "The RIE collection included 125,00 documents. Terms
used in searching the ERIC collection are included in Appendix A. The
output from this search yieidediover 8,000 abstracts, many‘of which were
duplicaté citations owing to the comprehensive nature of the search. These
abstracts were then scanned for relevance to the project objectives,

The Education Index and Readers Guide to Periodical Literature were

also searched ffor pertinent documents, particularly for the period 1955~

1965 which preceded the development of the ERIC system. These contain

@

extensive listings of educational literature and account for several thousand

documents.

x

Disgertation Abstracts International (DAI) was searched for doctoral

dissertations related to practices, teacher education, and needs assessment
in science education. This collection comprises a total of over 3,000
dissertat;ons related to sclence education.. During the .355-1975 period
2,658 dissertations bearing on science education were reported. Terms
used in searching DAI are listed in Appeﬁdix B.

Collections of federal agencies were also included in the literature
search. The National Institute of Education (NIE) library was searched,

| S
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with special attention paid to historical and summary documents. Files

“
-

Jof tﬁe National Science Fcundation (NSF¥) were examined for research and

evaldation reports, program descriptions, and reports of projecfs.
Questlonnaires were sent to all state departments of education

requesting information and documents dealing with state guidelines and

>

policies, enrollment and course offering information, summary statistics, -~

annual reports, planning dgcuments, etc. (See appendix C)

Identification of state documents was aided by a publication produced

by the Council of State Science Supervisors (1974), Data ‘Utilization:

A Key to Improved Science Education. This represents a laudable attempt

13

to identify, categorize, and bring some consistency to science education
data collected by the state départments of education.

Finally, visits were made‘to 14 states by personnel of the project
staff. States from which data and information were received are listed in

.

the following table.

TABLE 1

M

STATES INCLUDED IN PRELIMINARY ANALYSES

*Arizona North Carolina
California . . ‘ North Dakots
*Colorado *Ohio
Delaware ° - . Oklahoma
Florida *Oregon
*Idaho . Pennsylvania
*Indiana L. South Carolina
L
*Towa . Tennessee
*Kansas ‘ Texas
Kentucky *Utah
Maryland Vermont
. Massachugetts ? Virginia
Michigan . *Washington
*Minnesota : West Virginia
Montana . *Wisconsin
*Nebraska *Wyoming ~
Nevada

New Jersey
New Mexico
New York

*States visited by project staff. 1-0

. . 3



The t9tal number ‘of relevant documents identified in the searcﬁ
procedures described above was estimated in excess of 6000; an accurate
count could not be made due to the duplication occﬁrring through various
ﬁcdes of retrieval. Clearly the inclusion of all available documents would
render thé§ta§k of review gnd analyses impossible, the bibliography
exceseive, and the final report valueless. The decision was made to select

and review representative documents. The determination of which documents

to include was based upon:

\ " :
1. generalizability of results based upon size of
’ population, sampling .techniques, and methods

of analysis;

2. summarization of data or research reports,
(e.g., reviews of research);

1}
3. 1importance or significance as indicated by publication
in a refereed journal or as a committee report;

4, representativeness of a type or kind of document
(e.g., cucriculum guides).

Such decisions are, of course, judg&ental and subject to errer. Yet
not to‘ﬁéke the decisions seemed the greater error. The final selection
then, contained approximately 10% of those documents that might have been
included. The authors of the report collaborated in identifying relevant
dopuments. Further analyses were then conducted by the authors as indi-
viduals in developing the various subsections of the report. The documents
were analyzed on the basis of presenting as accurately as possible th;
conditions, practices, and needs assessment efforts in science education
as reflected by the literature.

While a large number of documents related to science education exist
and have been identified, many exist that cannot be identified, or once

identified, cannot be retrieved. Data produced by the various state depart- L.

ments are especially susceptible to becoming fugitive literature. hLuge

* | 11




FY
quantities of data are amassed, analyzed and summarized to varying degrees,.

stored for a time, and shortly comsigned to the "5th Avenue Warehouse",
never to be found again. Locating data or reports more than five years

old is an extremely difficult task. This is partly due to reassignment

or ‘turnover in personnel, partly due to insufficient storage and management
capacity, but probably mostly due to shortage of funds to process tte
information effgctively.
A related problem is the wide variation in the kind of iaformucion
collected by state departments and other education agencies. Little
consistency exists with respect to what data are collected, ways they are

treated, or how they are reporte’. These data are collected primarily

£l
.

for the purposes of the state department or ageacy involved, rather than

for the benefit of external purposes. As a result, when a need for information
oﬁ a br;ad scale arises,the probability is low that the required ddta

exist in a useful form. Some amount of consistency in the collection of

data could yleld grezt ﬁuantities of information in determining needs and
trends in science education. In this regard, some mechanism by which
information needs could be anticipated and appropriate actions taken in

advance of the problem would be & boon to ~ ;ion making.

Format of the Report

The remainder of the report is divided into five major sections.
One secticn deals with existing practices gnd procedures in schools, another
summarizes science teacher education, the followi;g section deals with
controlling and finagcing education, the next reports on needs assessment
efforts, and the final section presents a summary and trends of needs and
practices.

Within each section summary statements are presented for the major

subsections followed by the documentation from which each was derived.

1
L
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Because of space limitations .and redundancy of information, the documents

cited are selected as representative and do not consitute ﬁg exhaustive

\. ~

listing of applicable citations. Thus, one, two, or three documents are -
¢

often cited where five totten times ds many documents exist and could

have ﬁeen iné%hded. It should be noted that many of the documents are

from the last half of the twenty-year period rather than the first half.

This stems partly from the ephemeral nature of much of the literature, but

more importan:}y from two other considerations. First, the emergence . o
/ . .

of results, trends, and patterns is better reflected in the more recent
<«
)

l%;e?iture since these are not instantaneous apparitions. Second, the

recent literature indicates the existing conditions from which éecision

makers must determine factors affecting educational.policies. If a historical
review is to assist science education, the poiicy implications of past events

o
must be considered for the future.

Qo



II. .EXISTING PRACTICES AND PROCEDURES IN SCHOOLS
Datg'égp tﬂis section were obtained from a review of over 600 individual
résearch st;dies;‘st;te and federal documents, and journal articles. Many
aré cited in the bibliography. Key studies are referenced to support all
statements to which they are related, though not all references are used to
support all statements to which they relate; such a pattern would use too

&

much space for this réport.

PRACTICES AND PROCEDURES IN SCHOOLS

General School Enrollment’

1. Enrollments. in public elementary schools were increasing from
1955-1969. Since that time enrollments-have been declining.
Forecasts predict continued decline until at least 1984 or 1985.

2. Enrollments in’‘public secondary schools were increasing-from
1955 until 1976. Enrollments will probably decline in the future

until at least 1984 or 1985.

3. Enrollment increagses impacted the schools in many waya. Tncluded
were expansion of staff, program offerings, and buildings.

4. Enrollment decreases are impacting the schools in many ways.
Most of the more obvious effects are dve to reduction in revenues.

5. Some inyvestigators are predicting a possible increase in school
enrollments beginning in the middle 1980's. This increase will
not bring enrollments back to present levels, but will have an
impact on staffing, facilities, and material needs’.

6. A substantial number of students (nearly .37 percent of the U.S. =
total) are enrolled in less than 200 school districts.

- Data analyzed indicate enrollments in public elementary $chools

increased until 1969 and then began to decline (see Table 2, P. 8y.

If data for only grades K-6 are analyzed, it appears the peak enroll-

ment occurred in 1968.




TABLE 2

Enrollment in Public Schools Grades K-8

Fg}l 1965 to 1985 (in thousands)

Year K-8 Enrollment
(Fall)
Recorded1

1965 30,563
1966 31,145
1967 31,641
1968 32,226
1969 \ 32,597
1970 32,577
1971 . 32,265
1972 / 31,831
1973 31,353
1974 | - 30,921
1975 30,556
1976. 30,072
1.

Statistics of Public Schools, 1965-75. National Center for Education .

K-8 Enrollment

Year
Projected2

1977 29,463
1978 28,753
1979 28,199
1980 ¢ 27,876 *
1981 - 27,819
1982 27,923
1983 28,158
1984 28,446
1985 28,830

Statistics, Washington, D.C., 1976.

"NCES Projects K-12 Enrollment Upturn, to Begin in 1984." Phi Delta

Kappan, 58(9):7L4, May, 1977.

<
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The iﬁérease in enrollment in the elementary school was due to a
‘number of factors; the major influence was increase in the birth rate.
Other factors influencing the increase were immigration and increasing the
holdingrpower of the schoois.

Since 1969, enrollments have continued to decrease. Current projections
f&recast a Fontinued decrease until 1984 or 1985. Since the current major
factor influencing the elementarylschool enrol;gept is the birthrate, these
projections should be very accu;ate at leas;«th;ough 19823 unless there is
a substantial change in the birth rate, or changes in nea~public elementary

’,

school enrollment, these projections shdéid be close through 1986-87. Tﬁe i

projected low enrollment rep;esents about 2,2 million fewer students than

;n'1976 and 3.7.million fewer students than in 1969. Public secondary

school enrollments (grades 9-12) have increased each year since 1955

(Taﬁle 3, p.101 until l977.l.Between 1955 and 1976 enrollments in public
) séﬁondary schools more than doubled. This increase was caused primarily

by the increased birth rate, but also was aided substantially gy the

increased holding power of the schools.

Between the 1940's and the 1970's the percentage (national average)

/ . . . .
of ninth grade students who stayed in school and graduated from high school

increased from about 58% to approximately 79% (Based on analyses of reports from
27 states and NCES data), Significant differences §Fill exist among many
of the states; a.number of the states approach or excéed 90% retention®
whiIe some schools are substantially below 80%.
Based on current elementary school enrollments, the current non-public

school enrollment trends, and the expected holding power of the public

schoolé, a decrease in enrollment is projected until at least 1985. The ~

~

. - \




TABLE 3 -

; ‘ Enrollment in Public Schools Grades 9-12

Fall 1955 to 1985 (in thousands) s
¢
Year 9-12 Enrollment Year 9-12 Enrollment +
(Fall)
Recordgg1’3 ° Projected2
T 1955 . 6,918 1977 14,258
1957 7,905 1978 14,101
1959 8,531 . 1979 13,725
1961 9,617 1980 13,233
1963 10,936 1981 . 12,699-
1965 11,610 1982 12,190
1966 11,894 1983 11,912
1967 . 12,250 1984 11,878
1968 12,718. 1985 < 11,928
1969 13,022
1970 13,332 _
1971 13,816 ?
1972 13,913 . R
1973 ' 14,077
1974 14,132 )
1975 14,281 . e
1976 14,321 : i

s

1. Statistics of Public Schools, 1965-75. National Center for Education
Statistics, Washington, D.C., 1976. . . o

2. "NCES Projects K-12 Enrollment Upturn, to Begin in 1984." Phi Delta
Kappan, 58(9):714, May 1977. )

3. Digest of Education Statistics, 1975. National Center for Education.
Statistics, NCES 76-150. U.S. Government Printing Office, Washington,
D.C., 1975.

~
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p;ojected low point in 1984 represents about 2.5 million fewer students
than those enrolled in 1976. Unless the non-public school enrollment
patéern changes, these projections should be accurate. An analyeis of the
eleﬁentary school data and ceneus data on birth rates provide data that
sheuld be reasonably eccurate until the 1990's. MoniForieg fhe anhual
birth rate and the e;;EEf of births will provide good co;reetion procedures
to extend these data ‘and avoid "enrollment surprises."

K olhe birth rate between éepteﬁber, 1976, and April, 1977, shows about

“»

alsix percent increase compared to last year. In addition, the number of

AN

merriages is up and there is no increase in the divurce rate. ("Babies...", -

Science News, 1977) While all evidence suggests the total enrollment in
1990 will be substantially less than the enrollment in 1969, the number
of school age-children should show an increase begintiing in_the middle
1980'e. Based on current estimates,?enroilment increases will have the‘
greatest impact in suburbs and in the South and West. ("Slight...",
Inforﬁation, 1977) .

The impact of the expanding,egfg;iment upon the public scliools has
been obvious in ﬁany ways: (I)-increases in school staff, both instrec-
tional and non-instructional; (2) increases in expeneitures for school
buildisgs; (3) increases in numbers of buildings in urban and suburban
locatioss;ﬂ(A) increases in student.enrollments in many schools; and (5)
increases in students taking various courses in the scpgols (defived from
a number of state and federal documentq with statistical data).

The impact of the reduction in enrollment has been gescribed by many
writers and presents beth a problem and "a possible opportunity to many
school-districts. Obvious problems are: (1) budget ;edgctions based en
enrollment; (2) need for fewer or smaller schools; (3) reduced need for

some equipment and éransportation items; (4) fewer students per grade and

s



patterns.

The reduction in enrollment can provide opportunities for modification

/

of the school and instructional program. Capital debt and fnte est could

\

be reduced and used for other pPrposes, class and course enrodlment could
be reduced, school building enrollments could be reduced, d space allo-

cated to various programs could be increased.
!

[
!
Odden (1976) made several points in a recent pp;}ication.

1. Declining enrollments have had the greatest/impact in the

elementary schools, though the middle schogls and high
- gchools will be affected in the next decade.

2.” Declining enrollments are uneven among school districts. .
Areas that have a low birth rate and havé & negative movement
of people to the area are affected most severely. Areas that
have a positive movement of people to the area are not
affected as seriously. :

3. / The largest and smallest school districts are affected most

severely. Central cities appear to be suffering the -

greatest losses.

—

»

4, Declining enrollment districts tend to have above average
per pupil expenditures (total, instructional, operation,
and fixed expenditure), lower than average pupil/teacher’
ratios, and above average salaries.

v

School consolidation has also influenced school programs and operations.

Between 1932 and 1974 the aumber of school districts was reduced from

v

about 127,000 in 1932 to 35,700 in l96l-62, to 17,200 in 1971~72, and

16,700 in 1973-74. These changes have been accompanied by eliminating

(3
many small schools, building more facilities for larger schools, latger staffs,

and a greater variety of school offerings. (Education Dfrectory. Public
2N

" School Systems, 1971-1972, 1972; "A Statistical Profile: Education in the

States, 1973-74," Compact, 1974).
Since school districts were consolidated and as enrollments increased, a

small number of school districts have come to enroll a substantial percentage of

»r
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the students in public schools of the U.S. Data indicate that the 184

3 rgest school districts heve about 297% of the students enrolled in public

_—

schools, thet;//;largest have about 45-487% of the students enrolled. Based

on. hes?/sta stice/it is obvious that a relatively small number of school
/ o

)
districts de ergine the educational programs for a large number of students.

/s

S

" . School Organfzation Patterns ' 4}
©o LT 7
o L /
e ' / ,
‘ 1. Most elementary students are enrolled in schools with grades @
' 1-6, K-6, 1-8, and. K-8.
2. The most common pattern for teaching_scihnce in elementary schools
\ is the self-conteined classroom. Increasing emphasis on department- o

alization and special teachers %s occuring in grades 6-8.,

3. Most students in'secondary schools are enrolled in schools with
grades 7, 8, and 9 or 7 and. 8 and in high schools with grades .
'10-12 and 9 12.

4, Secondary school science is taught primarily by teachera who
have received their training in science.

)

- . -~

Several investigators and agencies have studied the organization pacterns
of elementary schools and teaching science. These include Blackwood (1965a,b);
Steiner, ‘et al. (1974); Howe, Et al. (1974): National Center for Education :

Statistics (Progress of Education..., 1973; Statistical Survey..., 1975;

2
Iy
-

Digest of Education..., 1976). *

Most elementary students are enrolled in elementary sAhools that :

include grades.l-6, K-6, 1-8, and K-8. During the 1960's and 1970's there

-y

_has been considerable interest in the develogment and ergenizauion of
middle schools. The term middle school means different things to different
| people; hence, it 1is not surprising to find the emergence of many schools ¢
i witﬁ different patterns of organization related to this concept (such as

grades 4-6, 4-5, 5-6, 5-7, étc.). Prior to enrollment declines, the num-
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ber of these types of schools and the number cf students enrolled in these
schools was increasing. Since enrollment declines have ;aken place, there -
has been an effort to ciose elementary schools in mahy communities (par-
ticularly urban) due to smaller school enrollments; this action appears to
have had the effect of reducing the number of middlebschool programs.

The most common pattern for teaching science in eiementary schools
is in the self-contained classroom. Instruction by a special teacher is
seldom the pattern prior to grade 3. From grade 4 to grade 8 the percentage
of instruction by special te;chers or science teachers increases with the
grade level. Data indicate increasing emphasis on instruction by a special
teacher or science teacher in grades 6~8 (Blackwood, 1965a, 1965b; Steiner
et al., 1974; Howe et al., 1974; Howe, 1977). ‘

‘Data indicate that an increasing number of teachers were being provided

. 3 S

with special help for teaching science thrgugh,the school year 1974.' While -

o ; N
specific data directly supporting a reduction in such assistance were not

located, documents examined indicated a reductian in supervisory poéitiéns

which probably means a reduction in such support. - v

fhe majority-of the students in sécondary school%‘are in junior high
schools with grades 7, 8, and 9:or 7 and 8, and in high ;chools with grades
10-12 and 9-12. A substantial number o€{students in grades 7 and 8 are
housed in e'cmentary schools including ogeﬂor more of the lower grades.
Relatively few students are enrolled in high.schools with patterns different
from those listed (Schlessinger et al., 1974; White et al., 1974; NCES 1973,
1974, 1975).

Secondary school science is taught primafily in departmentaliéed

v

subject areas. Analyses of studies from tha/mid 1950's to thz early 1970's

3
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indicated ;Sﬁé“use"éf“Eﬁam*teaching approaches, but the indiv’luul teacher
teaching a clags is by far the most common approach. The large majority

of the schoolé are onadaily schedules using periods. The usual school day
in the mid 1?50'8 was a si} or seven period day divided into 45-60 minute _
periods; acéording to research studies and state reports this is still the
most commgd/pattern. Many teachers feel this type of séhedul@ reduces

the opporFuPity for many science laboratory and outdoor activities; however,
probably fewer than 10% of the schoocls have any modular schedule or other
type of ﬁlan that diffgré substantially. from the usual period plan or a
modified single/double period plan. (Schlessinger, et al., 1973; HOWe,_l977.)
Substantial modificatibn of daily schooloschedules does' not appear to have

gained much support in the past two decades; though many teachers ani

administrators have written about the usefulness of flexible schedules that

N

i -

allow for time variations.

—
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CURRICULAR PATTERNS

-

Elementary School Science

1.

2.

3.

4.

_5.

10.

Prior to the late 1950's the curriculum of an elementary
gchool was based primariiy on a textbook. A curriculum for
most schools was a textbook series for grades 1-6 (8) or

two series one used for the lower grades and the second used
for the upper grades,

With the use of Federal funds (mostly NSF) alternatives to the
existing materials were developed in the 1960's. These materials

had a marked effect on both classroom instzuction, other instructional
materials prepared by publishers, and curriculum guides.

Data indicate about 30% of the elementary schools have used or are
using the NSF sponsored materials.

During the 1970's several publishers produced materials that are
modifications of earlier NSF sponsored materials. These modifications
have been based on feed-back from use of the earlier materials.

Many of the curriculum materials.producad during this period

. of time show a marked influence of the ideas of Piaget, Gagne,

and Bruner.

Summaries of objectives for elementary school studies stated
by teachers, administrators, and science educators in the
1960's and 1970's show substantial similarity.

Content of many programs produced since 1955 show substantial
agreement with the objectives reported from surveys.

Recent materials show the impact of concerns about :the environment
and energy and natural resources. .

':Quring the past five years there has been growipg:concérq on

the part of some educators and citizens that knowledge

objectives of the elementary school program were de-embhasized
too much. Some of the recent materials illustrate this concern

as do textbook adoption patterns.

While there are substantial data regarding implementation and use
of materials, there are relatively few data on quality of use.




During the late 1950°'s and the early 1960's considerable interest
%oqused on what should be taught and how it should be taught. hDuring the
mihdle to late 1950's textbooks were used by most teachers as the principal
tool for teaching science. Studies indicate that about 80% of the pri@ary
teachers and 907% of the intermediate teachers based their instruction on

a single textbook (Blackwood, 1965a, 1965b; Steiner et al,, 1974; Howe et al.
1974; Maben, 1971; Webb, 1972; Nelson, 1973.)

The feeling was that if science for elementary schools was to be
improved there should be more care and emphasis on Fhe selection of content
(facts,:concgpts, principles), reduction in the amount of content to allow
for more depth, better organization of the way content was taught (sequence,
articulation, examples, etc.), more emphasis on processes of science, more
"hands cn' science instead of reading about science, and use of a greater
variety of media and materials for teaching science.

Extensive NSF support was given to "the developmeqt~of a number of
a%ternatives to textbook programs in the 1960's. Hausman (1976) provides

a good brief discussion of this effort and inciudes such programs as the

Elementary Science Study (€SS), Science - A Process Approach (SAPA), Science

Curriculum Improvement §tudy (SCIS), Minnemast, COPES, USHES, and others.
Ea¢th of these projects viewed the needs, the problems, and possible solu-.
tions and developed what they thougnht were useful materials for teachers

and students. ‘The projects'clearly offered alternatives both to the *

current textbooks available at the time, and in mosc instances to each
vgther. The projects also seemed to respond to the desired objectives for

teaching science identified by administrators and teachers as reported by _

many surveys conducted in the 1950's and 1960's.

©
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These materials had a marked effect both on classroom instruction
in many schools and on other curriculum materials currently being prepared,

State data (through 1975) and survey reports (such as those by
Steiner et al., 1974; Howe et al., 1974; and others) indicﬁte that about
30% of the students in the U.S. in elementary schools are in buildings
which have used or are using these materials. Use has varied extengively
from state to state and also within states. Jn 1971 about 14Z% of the
schools were using SAPA, 8% were using ESS, and 5% were using SCIS (Steiner
et al., 1974; Howe et al, 1974), More recent data obtained from state
reports through }975 indicate an increase in the use of SCIS, ESS, a?d
SAPA. Use of SCIS and ESS is estimated for schools in which 17 and 12
percent of the students are enrolled., Use of SAPA is estimated for schools
in which_20% of the students are enrolled. Schools that indicated the use
of one of the NSF curricula frequently used two or more,

Dﬁring the 1970's several publishers have produced "hybrid" materials.
In a recent volume by Hausman (1976), several of these programe are dis-

cussed. Examples of these modifications of NSF materials are the- Modular

A}

Activities Program in Science; Science, People, Concepts and Processes;

Elementary Science Learning by Investigation; the Ginn Science Program;

and Space, Time, Energy and Matter, Modific tions made in many of these

are based on feedback from teachers ¥egarding NSF projects. Most of
these reflect consideration of the conEgrns mentioned on page 17.

It is evident that thé content and activities of these materials is
different from the textbooks of the 1950's., Curriculum guides and teacher
guides produced by states and local school districts since 1972 are closer

in emphasis to the NST project materials and recent "hybrid" materials

than to the textbooks of the 1950's.
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Analyses of reviews of rec2arch produced by ERIC/SMEAC Since 1966
(see bibliography); Belanger, (1969); Ramsey and:Héwe,(1969a, 1969b, and
1969c); and Shulman arnd Tamir (1973) indicate the ideas of Bruner, Schwab, Gagne,
agq Plaget have had an iafluente on the psychological and structural organ-
iéh;;;n of the post-1960 curricula. The ideas of Ausubel have also been
cbgsidered and have been used ;s the basis of a number of research curriculum
studies. . ' ¢

Major objectives for the %lementary school curriculum as stated by

)
individuals indicate divergent points of vies. Summaries of the opinigns
-of many teachers, administrators, gnd science educators, however, show a
clusteging of what they believe should be taught; these objectives do not
appear to have changed substantially since 1960 (Blackwocd, 1965b; ERIC/
SMEAC Reviews of Research; and othgrs). - ‘

Content of many of the materials produced since 1955 makes them more
consistent with major objectives identified as desired in surveys such as
those by Blackwood (1965b) and others. There is more emphasis i> many .
programs on concépts, processéq of science, attitudes toward szience, and
use of laboratory (hands ¢a) activity. There also is more emphasis on
recent corcerns such as pollution, natnral resources, energy, etc. The
recent NAEP studies, state minimum competency program discussions, and
comments o{ some educators and citizens are raising queationg regarding
the emphasis of these materials and programs. Questions are being raised
as to whether these programs have placed too much emphasis on objectives
other than knowledge. The impact of this concern is being seen in the

pattern of adoptions of textbooks and use of materials; there appears to
\

be a reduction in the emphasis on laboratory work fv many schools,
. o \
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There are few data~availab1e-to relate material use and gquality of °

instruction. Most of the research that is ayailéble regarding classroom
instruction includes reports on a few teachers or a group explicitly involved

in an inservice program curriculum development project or implementation

Fa -

activity.
Studies of teachers in specific programs frequently indicate significant

differences in favor of the treatment (Balzer, et al.,1973; Ramsey and Howe,

-

1969c). Most of these studies, however, have not followed teachers over time

to determine the retention or improvement of instruction.

El

Investigations of samples of practicing teachers not involved in a
particular program frequently have,shown many teachers using different
materials in similar ways. Thus, while there are substantial data to indicate

3
extensive use of various materials, how these materials are used is not

well documented. -

Reséarch reviewed for this and other docuﬁentg indicatgs.phe teacher's
philosophy regarding what science should be taught and how séience should be
taught has a strong influence on the.way teachers teach. This is frequent}y o
not a variable included in data collection; hence, it 1s not correlated

or used as a correlate, selection criterion, or as a factor in many studies.
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Secondary School Science ¢

¢

-

In the early 1950's there was growing éopcern regarding the need
for technically trained manpower, the need for improving under-
standing of sciencey and the concern that Russia was gettiang
“ahead" of us in science and technology.

Substantial Federal funding was provided to create new instructional
materials for the secondary schools. These materials tended to
show a reduced emphasis on '"practical science" and emphasized
concepts and processes of science. Until the early 1970's-they

did not reflect much emphasis on the interaction ®f science and
society. f

Data indicate the percentage of students taking science courses
in grades 7, 8, and 9 has increased gince 1955. The total number
of students has decreased due to declining enrollments.

Data indicate the percentage of students taking science in grades
10, 11, and 12 increased from 1955 to 1973. Data reviewed
indicate a slight reduction for 1974-76.

Earth Science courses experienced rapid expansion from 1955 through
the 1970's leading to a shortage of qualified teachers.

Biology, Chemistry, and Physics remain the predominant courses
ir grades 10, 11, and 12, but a number of other courses such as
oceanography, physiology, integrated science, and environmental
sclence- are being offered and are increasing in - enrollments.

oS -

éoncerns regarding the material developments of the late 1950's
and 1960'8 have led to further material development.,

The objectives for teaching secondary school science appear

to be in transition. Increased emphasis is being given to en-
vironmental concepts, societal concerns and world problems,
decision making, and interdisciplinary studies.

As in the elementary échool, there are few data on the qudlity
of use of materials in school settings.

21




and the scientific and technological progress being‘;;aé\by\phe Russians.

The science programs in the secondary schools of the U.S. have also
undergone considérable Chahge from 1955 to 1976. In this discussion per-

centage of enrollment will frequently b« used; this is because net

enrollments at most levels are now declining ?ue to fewer students’ in

the schoolsg, v

N\

Science materials have received considergble'attent}oﬁ\since 1955.

'~

Prior to Sputnik I, there developed in the U.S. Ebncer& regarding

the education and training of specialists in acieﬁ@e, mathematics, and

engineering. This concern was primarily related;ﬁé‘national security-

At that time the curriculumin most schools was predominantly the text-

3

book and curricula were constructed by purchasing a series of textbooks.

Data obtained from states and reviews of surveys indicate the Holt pub-

+ lications were the curricg}um for a large number of schools in grades

7-12; in biology, chemistry, and physics Holt dominated the market and has

“continued to control a strong share of the markets#

!

Foilowing Sputnik I, the National Science Foundation became extensively
involved in develpgmeht of instructional materials. In addition, The
Elementary and Secondary Education Act (ESEA) and tﬁé National Defense
Educ;fion Act (NDEA) provided considerable financial suppoftfor curriculum

development, purchase of equipment, and teacher education.

1

The_ literature contains many articles written to identify the "need" . ’
for substantisl material developmentl Included by many writers are the
followlay:

1. Update the material to make the content more accurate.

2. Place more emphasis on current science endeavors.
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3. Stress fewer ideas or concepts and provide more depth.

4. Involve writers who are "closer" to scientific research and
who can reflect the current state of science.

5. Give more emphasis to inquiry and the processes of science.
! N 6. Emphasize the laboratory as a place for investigation.

~~ 7. Provide multi-media materials for teaching an&\;earning
science.

. ~

8. Give teachets up-te~date content.

\"\
As a result of the finéheig&\?upport of the Federal Government, a

f °

number of projeéts were developed. Included among these were the Physical

" -+, Scilence Study Committee (PSSC), Biological Scieﬁceg Curriculum Study (BSCS), .

“iy,

A

*

Chemical Education MaEerials Studye(CﬁEMS), Chemical Bond Approach (CBA),
Earth SciéAee Curriculum Project (ESCP), Intermediate Science Curriculum
" ae. Study (ISCS), Project Physics, Introductory Physical Science (IPS) and
others.

As time progressed‘special seté of materials were developed .that were
for advanced and second year students, foctised on modular approaches for

using laboratories, provided special materjals for slow learners, and

.

others. A review of the Reports of the International Clearinghouse on

Science and Mathematics Curricular Developments ( See bibliography for

a listing of the 10 reports produced by Lockard and his associates)
documents and descfibes many of these developments.

These NSF efforts have clearly had an impact on other science

-

instructional materials. Modification of other textbooks and laboratory -

manuals reflect the influence of the NSF materials regarding topics

o

considered, types cf laboratory activities, content deleted, and organi- [~

..

zation of the materials.

{
}
i
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Materials produced during most of the last two decades tended to show

a reduced emphasis on "practical" science (how things work, industrial
processes, chemistry of household items, etc.)and, until the early 1970's,
geénerally did not reflect much emphasis on the interaction of science and
—socié£y.
Reports of students' lacking practical-knowledge in science by *
National Assess%ént and others hag ledfto incréasgd 1qferest in this
aspect of: science.‘ While no "flouriehé of materials has resulted, there
are materials being produced mostly. related, to consumer science, and courses
being developed'that emphaéize the practical asp;ct of science. .

Emphasis on science and society has been receiving increased interest

in the literature in materials such as Prqject Physics and Human Scierices

and in many courses that emphasize the environment, science, and society.

There cléarly has been increased interest in this area as indicated by

-

increased enrollments reported by states.

Relatively few content areas appear to be Banned‘or restricted on
a widespread basis. A review of the literature shows that only human
reproduction and evolution are restricted in any substantial number of

schools. Restrictions on teaching human reproddction appear to have been

1

reduced substantially in the last decade. Evolution continues to be a

>

debated topic in some states and localities.
The percentage of students taking science courses in grages 7, 8,

and 9 increased from i955 through 19?2 or 1973 and since that timé has

—~

¢
remained about constant. Data anlyzed from 27 states, research studies, and

—
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surveys do not support the claims some people have made about substantial

reductions in the percentage of students enrolled in science. A reduction
P ..

in the total enrollment has affected the total number of students enrolled

courses; in general, the total number of students in science courses has

decreased.

General Science was the most common course in grades 7, 8, and 9 ina
the middle 1950's. Starting in the late 1950's and continuing into the.
1970's there has been a Eonsistent decline i general science courses
and enrollments. The.most common replacements for general scieﬁce are
courses in (1) life science, -(2) pﬁyslcal sciencé:\and (3) earth science;
the, percentage of students enrolling in these courses, continues to increase.

Enrollments in earth science showed a sharp rige during these two
decades. Earth science enrollment has increased from about 70,000 in the
late 1950's to well over one million in the nid-1970's. (Mayer, 1977;

NCES, 1976; .Schlessinger, et al., 1973; data from 29 states).

Most of this enrollment increase was in courses offered in grades 7, 8,

and 9. This rapid increase i&“earth science offerings has led to a shortage

Y

of qualified earth science teachers in many states.

¢
N

Enrcllments in courses titled ecology, eﬁvirOnment, marine science,
,oceanogFaphi; space and aviation science, and photography have also )
igcreaséd; in many schools these courses are offered for only a semester.

Thesg courses co&nt for ﬁafq of the increase in juniof high school
science enrollmené and also for part of the decrease in enrollments in
other courses.

The percentage of students taking science courses in grades 10, 11,
and 12 appears to hav-. increased since the mid 1950's through the early

1970's. Analyses of state data and reports of the National Center for N

Education Statistics indicate an increase of about 5% from 1955 to 1973.
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State data reviewed for 1974-76 indicate a small reduction in the percentage

,

of students taking science courses. Numbers of students enrolled in some
selected courses \according to the NCES are listed in Table 4 . F;wr about .
50% of the.students, biology is their last science courge, usually in grade
10. ' '

The percentage of students taking biology in grades 10, 1l,and 12°
incfea;ed from 1955 through the early 1970's. This increaa; was due -to
many factors including increased emphasi? on science. Analyses of.state
reports suggest that a major factor in tﬁ% Ancrease was”the increased
holding power of the éghools; most student% had to take a science course
to meet graduation reqhirements and it appéars they frequently selected
biology. The percentage of students taking biology appears to have decreaged
slightly in the past three years. Some of the enrollment drop in biology
has come from the selection of gghgg science courses; ﬁany of these courses
such as ecology, anatomy, oceanography, physiology, and integrated science
contain biolcgical science concepts. If these courses are included with
biology enrollments the percentage of stud;nts being exposed to biological
science concepts has not decreased.. In most states over 80% of the students
enroll in a biology course at sometime during their high school program.

Biology courses in the'iape 1950's were primarily based on the Modern
Biology book published by Holt. The three textbooks (blue, yellow and green)
developed by the Biological Science Curriculum Study (BSCS) were ;dopted
by many schools during the late 195Q's, 1960's, and 1970's. Use of the
BSCS materials continued to increase:untillthe early 1970's. Data indicate’
about 40% of the students studying biology were using one of the three

BSCS versions at that time; about 35-40% of the students were using the

Modern Biology text. Recent data obtained from states (1974-76) suggest a

decline of about 5-8% in the use of the BSCS materials.



General Science

Biology
Botany
Zoology

Physiology
Earth Science

Chemistry
Physics

1. The Condition of Education, 1976 Edition.

TABLE 4

1948-49

1,121,980
995,930
7,670
5,051
53,592
20,575
412,401
291,473

Number of Public School Pupils in Grades 9 to 12
Enrolled in Specified Subject Areas Selected Years

1960-61

1,826,087
1,776,306
4,996
5,924
65,953
76,564
744,820
402,317

Education Statistics, Washington, D.C., 1976,

1972-73

1,096,020
2,868,352
47,188
61,864
109,588
558,654
1,028,591
583,105

National Center for




» Chemistry enrollments showed a small percentage of enrollment gain in
the 1960's and early 1970's. Since 1971 the percentage of students
"enrolled in chemistry appears to have.declined slightly. Most students

in chemistry in the late 1950's were using Modern Chemistry, a textbook

published by Holt. Two NSF projects were sﬁpported to produce materials

for secondary school chemical education. The Chemical Bond Approach (CBA)
never was used by a substantial number of schools. The Chemical Education
Materdial Study (CHEMS) publication received greagéé;acceptance by the schools.
Data indicate many school; quickly moved to use CHEMS in 1960's. ' Use of

the materials appears to have peaked.in the early 1970's at about 30%

_of the students studying éhemistry.~ There has been a marked Aeciine in the use

&

of CHEMS materials during the last four years. This is primarily due

Qa

to the availability of other materials that incorporate many of the CHEMS

activities and approaches to téaching chemistry. The Modern Chemistry text

(Holt) has continued to hold a substantial share of the student use. Data®
from st;te reports and surveys indicaté“;hat ;n\1974 about 502 of the
students studyiqg chemistry were using this book.

The percentage of enrollments_in physics and physical s;ience i;creased
slightly in the 1960's and early.19fb's, but never sh;wed a substantial
increase. Since 1971 or 1972 the percentage of students studying physics
and physical science has decreased slightly; the percentage of enrollgent
in physics has decreased more than the percentage decline in physical science.

The major’pﬁyéics book in use in the late 1950's was Modern Physfics

/
published by Holt. PSSC wes introduced in 1958 and gained in use until the

. late 1960's or early 1970's. Data indicate the use of PSSG peaked at

about 30-35% of the students enrolled in physics. Since the early 1970's the
use of PSSC has been declining. Project Physics was introduced in 1969;

the use of these materials has been increasing and probably accounted for
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about 20-22% of the students studying physfcs in 1975 (Howe; 1977, Watson, . fﬂ

Ky ho )
1977; and data obtained from 27 states). Modern Physics conttnued to be

used by over 40%.of the students throughout this time span.

N -

. P ’ ~
Physical Science courses were offered in many hegh schools (about 50%)

in the 1960's and 1970's for students who did not take chemistry dr physics
or as preparation for these coursef. Enrollments in the courses increased‘ -
substantially in the 1960's and e;;ly 1970's; Introductory Physical Science
gj(IPS) was used as the instructional materials by a large number‘of the schools.
About 40% of the students studying physical science in 1971 were using IPS -
(Schlessinger &t al., 1973). Sihce the early 1970's the percentage é?\ )
étud;nts studying physical science has declined, a3 hLas the use of IPS.\\\\\\\;\\ fo
Percentage enrollments in advanced courses (second year biology,
chemistry, ana physics) have shown a slow, but steady increase. Advanced

‘Biology and Second Year Biology courses have shown the most gains. Fro;:\\>\\\\\

data‘available it appears that about 3 % of the students in gradés\io, T~
11, and 12 are‘eﬁrolled in §uch coursé;, primarily in larger high schools.
A number of other courses are frequently offered ia high schools,

as in Junior high schools.‘ Courses such as integrated science, ecology,
oceanography, space science, anatéuw, physiology, ;ﬁd environmental science -
zre offered by many schools. Data from state records aéd surveys (NCES,
1976; Schlessinger, et al., 1973; Howe,‘1977) indicate the number of

alternative coﬁrses being offered has shown a substantial increase since
the late 1950's. Many of these courses are offered in one semester units;‘
“to satisfy a graduation requirement a student frequently takes two such

units or two different courses. Data indicate subgstantial increases in

the enrollments in these courses during the last five years.

”~
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. {// - INSTRUCTIONAL PATTERNS

A number of concerns have emerged from the curriculum developmeﬁt of
this period. Some materials have been and are being produced to prﬁvidé
solutions to some of the problems. Among the concerns were those;breviously
mentioned, the lack of practical or applied sciencé‘égé‘théiiéék of emphasis
on sience and’society. Other concerns include the difficulty of the materials
produced ({;:Thdigf\?ontent and reading), lack of interdisciplinary emphasis,
- lack of emphasis on technology, and continued lack of articulation in cur-

\\\\\ICular materials,
vl

i _With the exception of ISCS und a few other projects, little has been
\‘ L]
Tdone to change the structure of the teacher-student relationship in second-

e

ary school science classes.
The minimum competency movement has had very little noticeable effect

-

T on secondary school science at this time. The "back to basics" movemené
~:é.t;dxthe finaﬁcial situation of the last sever§1 years have had considerable
impact in many cgm@unities and tend to be reflected in materials beiné
‘reviewed and in the amount of time devoted to laboratory activities and
use 6f field trips in the curriculum. A.review of materials being us?d in

several stateé} ERIC user requests, and surveys (Schlessinger et al.,
1973; Howe, 1977; Bila and-Bligh, 1965; C;rnell et al., 1974) indipgtg
materials being selected Py a number of schools, espe;ially at tég juniér.
high level, tend to reflect less emphasis on laboratory activities éhdu
field trips and more emphasgs on materials that can be used for reading.
Jt is difficult to totally separate the reasons for this pattern.

., The objectives of secondary school science appear to be going through

a transition. A variety of courses have heen developed to reflect environ-

mental concepts, societal concerns and world problems and interdisciplinary
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relationships in content. Hurd (19759 and others have written about 2 new
context for teaching biology. The review of the literature and courses

being offered in some schools indicate the movement includes other content

areas as well.

. Impact of State Adoption on Instructional Procedures Materials

A study by the Institute for Educational Development (Selection of

_Educational Materials in the United States Public Schools, 1969) indicated .

they found iittle difference in 24 "state adoption" states and 26 "non-

adoption" states. They reported the systematic differences in patterns

of materials selection that were identified seemed to be baéed on the size

of the district involved; whether it.is,urban or rural, its social and
economic character, and the attitude of the school system personnel who

are influential and involved in materials selecEion. The study also reported
that financial limitations were tonsidered as.the most important constraint
on material selection. Data from\a variety of surveys and other studies

would tend to support most of these findings.

Elementary School Science

) A number of surveys have )been conducted to determine instructional
practicés in elementary schools. Tﬁe most extensive studies regarding
elementary schools are those by Blackwood (1965b) and a team at The Ohio
State University (Steiner et fal., 1974; liowe et al., 1974)-. Data from
other studies and state repo were used to extend and to verify or
dispute the(ﬁajor surveys. Reviews have also provided substantial infor-~
mation regarding practices. These include reviews by Hanéy et al., 1969;
Qallagher, 1971; Cunningham and Butts, 1970; Smith, 1963; Lee et al., 1965;.

R.D. Anderson, 1973; Trowbridge et al., 1972; Balzer, Evans and Blosser,

1973; Rowe and DeTure, 1975; and Herron et al., 1976.
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The amount of information regarding practice is substantial. Hence, o
it is necessary to summarize and to select key points.

1. Average class size has been reduced between 1960 and 1975, especially
in largeé school districts. Average class size has gone from over 30
in the late 1950's to approximately 24-25 in the 1970's.

.2. Amount of time devoted to science has in¢reased in the upper grades
.and appears to be about the same in the lower grades. Data obtained from
Blackwood (}9é5b), Howe et al,(1974) and state reports indicate the amount

of time devoted to science increases as the grade level increases. Data

indicate about 60 minutes per week is devoted to science in gradé 1 increasing .

to 110-140 minutes per week in grades 6,7, and 8: More time is devoted
to science in classes using NSF sponsored materials than in those that do
not use NSF materials. |

3. Activities used in teaching science have changed since thg late
1950's. There is more use of "hands on' and laboratory type instruction
than prior to the NSF maéerial devcloément effort. Howevér, a substantial
number of teachers do not emphasize laboratory activities. Lecture-
discussion is the most common learning activity, followed by student
demonstration. Reports %Pd surveys indicate a suhstantial number of
teachers (probably about 30-40%)teach science iargely as a-reading/lecturé
class.

4., There has been an increase in the use of educational television
and films. Data indicate the use 1is highest in~tha lower grades.

‘5. Procedures for identifying students with special interest and
aptitude are used by many schools. About 20% of the schools report
special classes of‘programs for teachers.

6. Equipment available for teaching science has been increased in a
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number of schools--largely due to NDEA funds,

Barriers to effective teaching have been of interest to 'science

@
educators for a considerable period of time. Research studies have

been done to identify what people believe are barriers, what others

o

believe barriers to be, what correlates with practice, and'what tends
to be identified from experimental studies and observations

Blackwood (1965a, 1965b) identified several potertial baré&ers to
effective science teaching from a review of literature and askeq principals
to indicate the extent to which they felt these items hindered good science
teaching. Each of the following items was rated as an important barriesr
by over 60% of the respondents, -

Lack of consuitant services

. Lack of supplies

Lack of room facilities
Insufficient funds

Lack sufficient knowledge

Lack inservice opportunities

. Teach’ ¥s can not improvise

. Teachers not familfar with methods

-

-

-

O~V W N

In 1970-71 a team of investigatgrs it Ohio State surveyed a nationzal
sample of teachers and found similar results. A replication of parts of
the study in 1972, 1973 and 1974 (Howe,1977) reflect substantiallv the same
barriers with slight shifts in percentages of responses.

Correlational and experimental studies suggest that when these barriers
are removed or reduced the pattern of teaching is different. (Steiner et al,
1974; Anderson and Horn. 1972; Berger, 1973; Blosser and‘Howe, 1969b
Southerland, 1972).

Instruction can be improved if efforts are made to focus on the barriers.

It would appear that insufficient effort has been provided to reduce these

persistent barriers.




-~

A considerable number of research studies have focused on whether different

types of instruction make a diffefence and, lf 8o, what difference, in student
learning outcomes. Reviews by Belanger (1969), Ramsey and Howe (1969a),
Ramsey and Howe (1969b), Shulman‘and Tamir (1973), Bredderman (1977) and

others indicate the type of instruction does -impact on student learning.

‘Secondary School Science

With the exception of Rogers'(1967) survey of practices in junior
high schools, no large surveys were conducted on secondary school science

~

practices in the late 1950's and 1960's. Hence, comparisons will be made

P~
-

- to data found in many individual studies of one or more states. Data from 55\“
. | The Ohio State studies provide information for early 1970's. Individual
studies and replication of selected aspects of the Ohio State studies in
1972, 1973, and.1974 provide further data.
These data indicate the following: g
1. There 18 an increase in the use of grtudent centered activit;
# (lgss lecture); howeve;, lecture discussion is the predominant method
used by teachers.

2. About half the schools report grouping students for science’ instruction.

This appears to be most frequent in grades 7, 8, 9, and 10. éourses at
grades 11 and 12 tend to be elective.
Certain -courses, primarily chemistry and physics, are self selective
the way they are currently taught. Research studies by a ?umber of people
¢ including Young (1$65), Van Koevering (1971), Welch (1969), Bridgham (1973)
' and others indicate the type of students who select physics-tend to be
v o, a consistent\subsét of'students with essentially above average I1.Q.,
interests in\hathematics and science, and often career interests that ;111’
use science. Reasons for not selecting physics frequently are due to the
, 41
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lack of the above factors and from fear of low grades. Chemistry tends to suffer

from fﬁé‘same image, but to a lesser extent. If enrollment8 are to be

increased in these content areas, different approaches to the courses are

needed; some schools have developed different offerings to appeal to

more students, ’ .
3.‘S€hools have become better equipped for science instruc}ion.

"Federal fuﬁds have been used by over 50% of the schools to‘augment their

°equipme2t. While most of it is used, the extent to which it is used varies widely,
4. Average and below average students have had difficultyiwith a number

of the NSF sponsored materials. Data suggest:this was due to high reading

level and difficulty of some of the concepts. |
5. While some efforts have been made to dévelop and use individualized

and self-paced instruction (for examble ISCS), a very small number of students .

are exposed to these ﬁypes of instruction.

« ’

6. Use of educatjional television and computers is increasing. A
number of schools have éurchased or leased a minicomputer while others
rely on rented éime. While educational televi;ion is being used, the
extent to which it is being used is very limited. Television and individualized
learning materials offer two promising ways of improving instruction and
also reducing instructional costs since both can reduce expenses related
to staff and facilities.
7. The number of alfernative materials for teaching science has increased
marke@ly since 1955. The varlety of materials that are available place
a greatec burden on the local school regarding selection and articulation.
A number of investigators have surveyed teachers and administrators
and have conducted other research studies to identify correlates of cffective

instruction and good programs. Schlessinger et al., {1973) identified a

number of variables believed to be very important by 50% or more of a
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national sample of teachers. These were:
1.. Science facilities
2. Administrative support
3. Staff cooperation
4. Small classes

5. The number of separate subject preparations-reasonable
6. Good instructional materials

* Felt to be important, but less important than the previous wete:

‘(a) Teaching loads (b) In-service Education (c) Salary.

<

Other studies tend to agree with these variables as being important.
Reseah¢ch on the change process also supgorts these same variable# as being
+important for 1mp1em;nting and maintaining programs. The m#in variables -
identified are key personnel, administrative and peer support, usable
materials, help in implementation, and incentives to the persons involved

in the change process.

Research on whether instructiow makes a ﬁifference at the secondary
school level has been reviewed by RamseyN\and Howe (1969b), Shulman and
Tamir (1973), and others. The data indicaég certain instructional modes
are more effective for certain groups of students and specific objectives.
The data also indicate theéteacher in usual instructional patterns

is the most important instructional variable. In individualized approaches,

materials tend to become more important.

About 50 percent of the students in secondary schools currently complete
their last course in science in grade 10  (Schlessinger et al., 1973;
White et al., 19‘74"; NCES, 1974, 1975, 1976; 24 sLule réporcs).
_Thus, there is little science emphasis in the curriculum of a large percentage

of the students. While the merits of various materials and approaches

for teaching science can be considered, there will be virtually no impact
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of these on many students during their last two years in high school.

, For many students the last physical sclence course compléted is in the
ninéh grade. Thus, these students have l1ittle or no contact with physical
science concepts, methodology: and applications during their last three
years of secondary school.

A review of state requirements (as of 1976) course énrollments from { .
state and national reports, and current reports)of various groups regarding
educational needs indicate science courses are usually required in only
one or two years of the four year high school program. In the opinion of

the reviewers, 1t appears that the role of science in the secondary school

curriculum for general education remains unclear. What science students

should learn also remains unclear. . ~
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Facilities and Equipment

. In the bulletin "Conditions for Good Science Teaching in Secondary
Schools", producad by NSTA, the case for science resources is stated:
It ie now widely recognized that science 1s a process
and an activity fully. as much as it is an organized
body of knowledge and that, therefore, 1t cannot

be learned in any deep and meaningful way by reading
and discussion alone. (1970, p 3.) )

The literature indicates that the adequacy and availability of science
facilities, equipment and supplies is as important at the .elenentary level
as at the secondary level.

The following statements summarize conditions with respect to science

facilities and equipment:

1. Adequacy of science facilities is perceived as one of the most
important conditions necessary to a good science program.

2. Science equipment and supplies, or their .perceived lack, greatly
influence the teaching of science. ~

3, Availability of funds for purchasing equipment and supplies- is
a major factor in the science program.

4. Flexibility in usage is increasingly important in science
laboratories and facilities.

There is widespread agreement in the literature about the importance
gf science laboratories and facilities to the science program. Based upon
surveys of 850 schools in 7 states, Koelsche and Solberg (1959) reported
that about half the schools indicated they lacked adequate laboratory space.
About one-third of the schools had inadequate sterage space.

Schlessinger et al. (1973), in a summary analysis of surveys by Chin
(1971), Baker (1973), and Buckeridge (1973) compiling data on a national
basis,reported that of 2,254 secondary school science teachers of a national

sample responding to a questio ‘re, nearly 94% rated science facilities
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in the two highest categories of important factors for a quality science
program. Approximately 90% of the secondary schools science teachers repofted
having a laboratory or speeial science room avallable.

Rogers reported in 1967 that about seven out of ten junior high schools
had a combination laboratory-classroom and one out of ten had separate
laEPratory-classroom arrangements. More than 25% had no laboratory facilities. -

At the elementary school level, ‘Blackwood (1965) reported that
inadequate room facilities was ranked second when raFiné the extent of
difficulty of 13 barriers to teaching science. Similar findings were
reported by Maben (1971), Webb (1972), and Nelson (1973) in a serles of
related surveys of elementary school science. FEach of the three studies
sampled defined regions of the d. S. such that the combined studies yielded
results on a national basisf In all of the studies inadequate room
facilities was considered the greatest barrier to teaching science.

As a*funefion of adequate facilities, gsufficient space for preparation,
storage, and student activity is a critical condition (Conditioms..., 1970). A

" basic assumption under1§ing nearly all studies of science facilities is

. that teaching facilities should be derived from and supportive of a specific
curriculum kﬁ&rd and Rowe, 1964). It seems clear that attempting to teach
science in a regular classroom, without modifying it in some appropriate
way, 1s not likely to be effective.

Secondary schools reported having an annual budget for science equipment
and supplies in about 64% and 76% of the cases, respectively. Most common
budgets reported were from one to three dollars per pupil per year (Schlessinger
et al., 1973). \

According to Rogers (1967), Junlor high schools fared less well with

about 70 percent of the schools reporting budgets for science equipment and
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suiplies. Almost 20 percentdf the schools did not provide for either new equip~- 7

meﬂt/or consumable materials in the annual budget: The mean expenditure

‘per school for the nation was approximately $800 but the median was $494,
Again, at the elementary school level the data rerorted present a

..2gative image Blackwood (1965) notes that 46% of the schools reported

2

that science equipment and supplies were inadequate or completely lacking. ¢

This lack of equipment and supplies was ranked second in difficulty as a

y

‘barrier to teaching science at the elementary school level. The annual

expenditure for science eqnipment and supplies reported by most public
““emeﬁtery schools ranged from 11 to 14 cents pgfypupil. By l970-7l,
conditions had improved somewhat. Annual bud;ets for science eouipment
and supplies were reported for about 50% of the elementary schools. Lack
of supplies and science equipment was ranked the second greatest barrier
to teaching science in all three studies (Maben, 1971; Webb, 1972; Nelson, l973)
Lack of suppliss and equipment implies a funding problem, of course. ’
Although the majority of the secondary schools reported an annual budget for
equipmenf and supplies, NDEA funds were used for purchasing science
equipment by about 697% of the schools and for purchasing supplies by about
43%. In addition, 15% of the schools reported using NDEA funds for remode-
ling science facilities (Schlessinger et al., 1973).
At the junior high school level, Rogers (1967) reported that over 80% of
the schools used NDEA funds to purchase science equipment and approximately
one third used NDEA funds for remodeling.
The use of NDEA funds for science equipment and supplies was reported
by about 66% of the elementary schools. Remodeling of facilities, using

NDEA funds was reported for about 15% of the elementary schools (Maben,

1971; Webb, 1972; Nelson, 1973).
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- Piltz and Steidle (1966b) also report that many schools throughout'
the SQ states used NDEA funds for the purchase of supplies and.equipment v
as well as for remodeling sciéﬁce facilities. A majority of the states
reported that the use of these funds had a significant impact on their
science education programs.

Considering the exisfing lack of scienceaequiﬁment and supplies, and
the apsence of sufficient funds for purchasing, any alteration in federal
funding would clearly impact on the science program. This would be par- 1 N

ticularly great at the elementary and junior high school levels, in the.
' ‘ first instance because existing budgets.are so low, and in the second )
because of the high use of federal funds.
Finally, while édequacy of science facilities is critical to an
effective progam, increasing attention must be paid to the.flex}bility

of such facilities. Reviewing the results of the study by Novak (1972)

together with the recommendations by NSTA (Conditionms..., 1970), makes

it clear that science facilities must be able to accomodate large group
instruction, sﬁall group instruction, individual studies, long temm
projects, group laboratory activities, modular scheduling as well as a
variety of other instructional arrangements. A single room with Eixed
tébles obviously will not serve. As Richardson (1961) recomﬁended, the
requirements for the design of a science facility should be based upon

an analysis of the course content and the classroom activities which

the facility is to serve.




III. SCIENGE TEACHER EDUCATION I Ve

The materials reviewed for this section were obtained by searching

the ERIC data base and by contacting state‘departments of education for
. literature related to teacher certification standards. The' documents
may be broadly categorized as descriptive information research studies,
resaagsh reviews, bibliographies, and state of.the art papers. While
some arg\concerned with science teacher education in gqnerél, ‘the majority .
can be categorized as dealing‘with e{?her preservice education or inservice
education. A few papers focus on reléting\gfeservice education to in~-
service activities and stress cooperative efforts of colleges or universi-
ties and public school systems.

In addition:two sets of Guidelines, dé§eloged by thé\NgE}opal

Association of State Directors of Teacher Education and Certifibation
(NASDTEC) and the American Association for the Advancement of é;IEHce (AAAS)

for the preparation of elementary school teachers and for the preparation

of secondary school teachers of science and mathematics ere included

.
7

in this report. The set of guidelines, published in 1967 by the Associa-
tion for the Education of Teachers in Sciehce. (AEIS) which focuses on the

professlonal education experiences for science teachers is also reviewed.

PRESERVICE SCIENCE TEACHER EDUCATION
Information contained in this section relates to certification
standards as these were {dentified from state materials, broad guidelines
for teacher preparation as proposed by the NASDTEC-AAAS groups, a.collec-
tion of some promising practices in science teacher education, and find-

\

ings from research investigations focused on preservice teacher education

v

programs and students.
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Preservice-Teacher--Education:-- -Guidelines

»

The following statements appear to hold true for the documents

reviewed for this section of the report.

1. Thesé materials have been developed to provide a base
for action which may be used by state certification
officials in developing certification criteria.

~ 2. The documents may also be of use by education faculties
when developing or modifying programs,

3. Concern in the early 1960's was focused on subject matter
competence of teachers. Emphasis was placed on breadth
and depth in the sciences, with sufficient preparation
to enable the teacher to do graduate work in science. .

4. As times changed, guidelines were revised. Content
» competency was still stressed but additional emphases
were added to the guidelires (g,g:j‘ﬁumanismT-abtiiiy
to communicate). ////

* 5. Some attention was given to the experiences that
should form part of the professional education
component of a teacher preparation program in science.
The guidelines which resulted have yet to be fully,
or widely, implemented,

6. If guidelines and standards are to be implemented, .they
must be clearly communicated. Specificity in language
is needed; descriptions of exemplary applications are
desirable.

7. Guidelines which can easily be translated into a course
or series of courses are easiest to implement or most
likely to be implemented.
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Becanse—state—eerti-f-b«pion standards are more explicit concerning

cadteria for secondary school science teaching, this section w{ll focus
on the NASDTEC-AAAS guidelines for secondary science and mathématics
teacher pregaration. The 1961 guidelineQ resulted fréﬁ wo;k begun in
1959 and were based on four conferences, held in different geographical
locations and involving representatives from the sciencesalmathematics,
and teacher education (1961 @uidelines, p.iv). The conference participants
focused on the content preparation of preservice teachers and not on the
general and professional education.components of undergraduate teacher
preparation programs. ~

The developers of the Guidel%pes hoped the documents would be of
use to state directors of teacher education and certificatién as they
were concerned with providing adequately prepared teachers for the public

schools (1961 Guidelines, p.2). Eight guidelines were held to be commoﬁ

to all science subject fields and to mathematics.-

I. The program should include a thorough, college-level study of
the aspects of the subject that are included in the high school
curriculum, ,

II. The program should take into account the sequential nature

of the subject to be taught, and in particular should provide
the prospective teacher with an understanding of the aspects
of the subject which his studgnts will meet in subsequent coursges.

IITI. The program should include a major in the subject to be taught,
with courses chosen for their relevance to the high school
curriculum.

IV. The major should include work in areas relatéd to the subject

& to be taught.

VII. The program ghould include preparation in the methods especially
appropriate to the subject to be taught.

VITII. The program should take into account the recommendations for
curriculum improvement currently being made by various national
groups. .

(1961 Guidelines, pp.5-6)
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Hausman-—(mimeo.-:paper,p.1)._reports that the 1961 guidelines were

rapidly accepted. He speculates that this was due, at least in part, to
the mood of the times: the country's concern, after Sputnik, for up-
grading the public schools. In addition, the National Science Foundation
providéd a* large amount of ;;sistance ;hrqugh its funding of teacher
instithtes and of content improvement projects. The National Council

br Accredit;tion of Teacher Education (NCATE) provided an additional
impetus for change by asking institutions seeking accreditation for"gheir
teacher education programs to show how they were using guideliﬁés recom-
mended by the agademic professions (Hausman, p.2). -

Related to but preceding the 1971 NASDTEC-AAAS Guidelines is another
set prepared by several science educators Qho served as a Joint Teacher
Education Subcommittee linking the Cooperative Committee on the Teaching
oé Science and Matﬁematics, American Association for the Advancement of
Science, and the Association for the Education of Teachers in Science

(AETS) (Taylor, 1967). This set of guidelines was focused on the profes-‘

sional education sequence for prospective science teachers. The document

, advocated that four general areas in preservice education programs should

bc identifiabie: (1) the school as a social institution, (2) characteristics
of learners and the conditions of learning, (3) understanding teaching
methodologf, and (4) practicum type experiences (Taylor, pp.%-B).

The manner in which the professional education. experiences were
implemented in a teacher preparation program was not specified. However,
three possible approaches (traditional, functional, and competency) were

suggested (Taylor, pp.8~11).

-




During the decade of the 1960's, the climate in the schools changed.

A revision of the 1961 NASDTEC-AAAS guidelines seemed appropriate. In
the 1971 document, the number of guidelines was increaded to twelve.
They will aot be produced in their entiréty here but will be identified
as to areas of coacern: (1) humaneness, (2) societal issues, (3) nature
of science and.mathematics, (4) science competencies, (5) mathematics
for science teachers, (6) basic mathematics compétencies, (7) algorithms
and computing, (8) modeling in science and mathematics, (9) communication
of science and mathematics, (10) learnihg conditions, (11) materials and
strategies for teaching, and (12) continuous learning.
The increase in number of guidelines was notgthe only change. The
1971 document was considerably different from that of 1961. Hausman
has described the 1971 version as follows:
. « . Instead of focusing on the content of academic courses
needed to teach a specific high school subject, the new Guidelines
reflect a broad philosophical cutlook or the nature of science
and math. teaching in modern contexts. It speaks both to the
competencies required of the teacher, with samples of how these
competencies might appear in practire, and the desirable personal
characteristics that should be developed in a teacher. Without
overlooking the basic subject matter requirements, the Guidelines
remind the reader that teacher preparation is rooted in liberal
education. They then point up the need to include experiences that
foster humaneness, familiarity with societal issues associated with
science and technology, the intellectual and philosophiczal nature
of science and mathematics, continued learning and communication
of new ideas, and the 1like . . . .(Hausman, p.2a)
Because the 1971 Guidelines were concerned with more than content
proficiency,’their impaci is less easy to assess. Nevertheless, the
intent of the document was to provide a basis for action. Hausman has

= .attempted to assess what, if any, action has been taken. His data were

obtained through the use of a survey questionnaire sent to institutions
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from which 50-100 science teachers had graduated in a three year period.
Using a questionnaire which dealt with nine of the guidelines (6,7, and .
8 were omitted), Hausman surveyed 89 institutions. Sixty-seven usable
returns were received (Hausman, pp.4-5).

Three gLidelines showed a high degree of implementation: IV,
invqlving breadth and depth in science content preparatién; V, involving
minimal mathematics competencies fo; sclence teachers; aad X, stressing
the nature of learning and its application to science teaching. Tiese :

three guidelines focus Qn course requirements and ralate to the 1961
version which was widely accepted.
Guideline® IX, stressing the seeking out of ideas in science new %o
the orospective teacher's experience and communicating them to others,
appeared to be the least successful in implementation. Cuideiines II
and III, societal issues and the intellectual and philosophical foundations
of science, were also rated as hard to implement (Hausman, p.6).
In addition to seeking information regarding the degree of implemen-
tation of the Guidelines, Hausman asked his respondents:
How useful do the 1971 Guidélines seem to be for your institution;
How useful were the 1961 Guidelines?
N What are your suggestions on the Guidelines and Standards published
in "1971? (Hausman, p.5)
These questions produced mixed responses ranging from "high enthusiasm
to caustically critical as too idealistic for 